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the normal curve could be applied in adjusting and control-
ling future estimates. 
4 
First, the average per cent of the actual to esti-
mated costs would be the best prediction of the cost of any 
future item. This follows inasmuch as the average is the 
most probable relationship between estimated and actual cost. 
Secondly, the chance that the cost of manufacture 
would exceed the estimate by more than a certain percentage 
would be calculable. This is true inasmuch as the propor-
tional part of a normal curve included between the average 
and any given point can be read from a table of integrals. 
For example, the chance that the actual cost of machine shop 
items in any bid would exceed the estimated cost by more than 
ten per cent might be one in ten. Management would then be 
aware of the risk of loss assumed for each adjustment of the 
estimate. 
Finally, a control system could be set up that would 
provide automatic notification of any change in the relation-
ship between actual and estimated costs. Such a system would 
be based on the same principles as those used in industrial 
quality control. Limits of three standard deviations would 
be set around the average actual to estimated cost ratio. In 
such an arrangement, statistical theory indicates that only 
three out of one thousand items would be expected to fall out-
side the limits. Therefore, the occurrence of several items 
"beyond limits" would indicate a new distribution of the 
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from additional vendors. For instance, if a comparison of 
the low bid to the estimate indicated that such a high vari-
ation would only occur one time out of ten, it would prob-
ably be advisable to collect additional bids from other 
vendors. 
The description of the program that follows is 
written with a view towards directing attention to the bene-
fits of statistical applications to an area where they are 
unconventional, if not unknown. No attempt has been made 
to handle the volume of data necessary to establish the pro-
gram. Instead, the discussion is concerned with procedures 
and mathematical treatments. The conclusions reached in the 
study, although applicable to the data collected, might not 
hold true in every investigation of this sort. 
The writer is indebted to his former business 
colleagues for their advice and guidance. Several statisti-
cians in the corporation with whom the writer is now affiliated 
have been kind enough to read and criticise the discussion. 
Special thanks are due to Mr. Louis c. Young, formerly of the 
Boston University College of Business Administration faculty 
for his valuable suggestions. 
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1.0 STATISTICAL CONCLUSIONS 
1 .1 Variances between the actual cost of an individual 
machine shop item and the estimated cost of that item are 
large and calculable, differing by as much as 100 per cent. 
1.2 When the actual cost of an individual machine shop 
item is expressed as a percentage of the estimated cost of 
that item, the resulting distribution of many such items is 
normal logarithmically. 
1.3 The average per cent of the actual cost to the esti-
mated cost of all the individual items will be the best pre-
diction of what the actual cost of any given future estimate 
will be. 
1.4 From the normal logarithmic distribution of per cent 
actual cost of individual items to the estimated cost of those 
items, statistical theory indicates the probability that an 
actual cost of a given item will exceed the estimated cost of 
that item by more than a certain percentage. 
~ The average and standard deviation of the per cent 
actual cost to estimated cost of a given unit of manufacture 
made up of a number of individual machine shop items can be 
calculated. The amount of variation between actual costs 
and estimated costs of these units is much smaller than it 
is for their individual component parts. 
1.6 The average per cent of the actual cost to the esti-
mated cost of all the units of manufacture will be the best 
prediction of what the actual cost of any future estimate 
will be. 
1.7 The chance that the cost of a given unit of manu-
facture will exceed the estimated cost of that unit by more 
than a certain percentage is calculable. 
1.8 The variations that could be expected in the data 
8 
arising from differences among the estimators and the parti-
cular type of machine shop operation are not large enough to 
necessitate their individual statistical consideration. 
1.9 The average and standard deviation of the per cent 
actual cost to estimated cost of individual machine shop items 
can be calculated for different individual suppliers and can 
be compared with that of all suppliers taken together. 
1.10 There is no significant variation in the data of one 
month when compared to the data of another month. 
1.11 A statistical control system, based on the average 
per cent actual cost to estimated cost of individual machine 
shop items, can be set with limits of three standard devia-
tions. In such an arrangement, only three out of one thou-
sand items would be expected to fall outside those limits. 
1.12 The time and effort necessary to institute and 
maintain this statistical control system would be profitable 
when compared to the benefits derived from its use. 

and a percentage added to the total estimate as profit. 
Unfortunately, management had no way of knowing the chance 
lO 
it took of having production costs exceed the bid. If facts 
were available to show, for example, that the actual cost of 
a contract would exceed the estimated cost by more than fif-
teen per cent only one time in twenty, a more intelligent 
adjustment of the estimated figure could be made. 
2.3 The advantage to the Purchasing Department of having 
a simple method of evaluating the comparative price position 
of different machine shop vendors. 
It had been extremely difficult for the Purchasing 
Department to distinguish between high and low priced sup-
pliers. Each blue print was sent to three vendors capable 
of doing that type of work. A vendor might be the lowest 
bidder on one item and the highest on another. Moreover, 
each vendor was commonly bidding against different competi-
tors on each part. Therefore, comparisons of vendor against 
vendor were hampered by lack of data. 
2.4 The advantage to the Purchasing Department of having 
a simple method of determining instances where it would be 
advisable to request additional bids on a fabricated item. 
Thirty to forty completed bid forms, each carrying 
the proposals of three vendors, were processed daily. It was 
difficult to determine those cases in which the collection of 
additional bids seemed likely to result in a lower price pro-
posal and those cases where further effort would be fruitless. 




estimate and some will be less than the estimate. There 
will tend to be a compensating effect when all these indi-
vidual items are added together and their total actual cost 
is compared with their total estimated cost. 
Management commits the company on the basis of 
15 
units of manufacture. Therefore, if the variation between 
actual and estimated costs of these units is relatively small, 
statistical conclusions pertaining to them will have greater 
practical application. 
4.4 STATISTICAL CONCLUSION 1.6: 11 The average per cent 
of the actual cost to the estimated cost of all the units of 
manufacture will be the best prediction of what the actual 
cost of any future estimate will be. 
The mathematical reduction yielding this average 
of 89.5 per cent has been carried out in Table 36, page 94. 
This figure is probably somewhat high due to sampling vari-
ations. This average would be expected to approach 86.5 per 
cent, the average of the per cent actual cost to estimated 
cost of the individual machine shop items in the unit. 
However, the fact remains that even though the 
total cost of the machine shop items in a unit may occasion-
ally exceed the total estimate of those items, the actual 
cost of these parts has been overestimated in the past. If 
the total of these estimates in any unit were adjusted from 
100 per cent to 89.5 per cent, the bid for the entire unit 
would be lowered and thus more likely to be accepted. 
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STATISTICAL CONCLUSION 1.7: 11 The chance that the 
cost of a given unit of manufacture will exceed the estimated 
cost of that unit by more than a certain percentage is cal-
culable." 
This fact can be made to serve as a most usefUl 
guide to management. Management can balance the chance of 
having the costs exceed the bid against the chance of losing 
the contract. The calculations pertinent to this point have 
been summarized in Table 37, page 95 . The chance of the 
actual cost of the total of all machine shop items exceeding 
the unadjusted estimated cost is about one in five. The 
chance or the actual cost of the total of all machine shop 
items in a unit exceeding the estimated cost of those items 
by as much as ten per cent is only about one in twenty. 
Of course, every adjustment of an estimate to a 
higher level does three things: 
l. It reduces the chance of having the 
actual cost exceed the estimated cost. 
2. It tends to increase the profit mar-
gins that will be realized on the 
items involved. 
3. It results in a higher bid which de-
creases the chance of having that 
bid accepted. 
However, management is now in possession of facts 
on which to formulate their bid proposals where previously 
they could merely submit the unadjusted bid and hope for the 
best. 
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One recommendation should be made at this point. 
This investigation has confined itself to individual machine 
shop items and to the totals of a group of individual ma-
chine shop items in a given unit of manufacture. It would 
certainly seem advantageous to treat statistically the total 
of all the estimates and actual costs making up a unit of 
manufacture rather than a segment. In such a procedure, the 
statistical universe would be composed of the total estimates 
and actual costs of many units of manufacture. Management 
could then make adjustments on the basis of entire units, 
which is the basis on which business is done. 
4.6 STATISTICAL CONCLUSION 1.8: "The variations that 
could be expected from differences among the estimators and 
the particular type of machine shop operation are not large 
enough to necessitate their individual statistical consider-
ation. 
This factor means a great saving of time since it 
is only necessary to carry out one set of calculations instead 
of several sets. It also reduces the volume of data that 
must be collected for satisfactory statistical reliability. 
STATISTICAL CONCLUSION 1.9: "The average and 
standard deviation of the per cent actual cost to estimated 
cost of individual machine shop items can be calculated for 
individual suppliers and compared with that of all suppliers 
taken together." 
This condition can be used to advantage in compar-
ing the prices of one supplier with another supplier or with 
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The principle in use here is the same one that is 
the basis for the use of statistical quality control in 
industry. Since the probability is only three out of one 
thousand that an item will fall outside these limits due to 
chance, the occurrence of several items outside these limits 
indicates that new causative conditions are present and that 
the system is out of control. For the purposes of this in-
vestigation, the occurrence of several items outside the 
limits would indicate that a new actual cost to estimated 
cost relationship has developed. 
and limits must be redetermined. 
Therefore, the averages 
As long as individual i terns 
occur within these limits, the averages and limits of the 
system may justifiably be retained. Chart 6, page 116, shows 
graphically such a system for individual machine shop items 
and Chart 7, page 11?, for all the machine shop items in 
units of manufacture. 
STATISTICAL CONCLUSION 1.11: "The time and effort 
necessary to institute and maintain this statistical control 
system would be profitable when compared to the benefits de-
rived from its use." 
After the necessary calculations have been made by 
an individual familiar with the principles of business statis-
tics, the bulk of the work involved in collecting and tabula-
ting the data can be carried on by clerical help. It would 
seem fair to estimate that any new calculations that had to 
be made in connection with the system would only require three 
or four hours a week of a junior statistician's time. 
5.0 EVIDENCE SUPPORTING STATISTICAL CONCLUSIONS 
STATISTICAL CONCLUSION 1.1: "Variances between 
the actual cost of an individual machine shop item and the 
estimated cost of that item are large and calculable. 11 
20 
In Table 31, page 88, the calculation of the aver-
age per cent actual cost to estimated cost of individual ma-
chine shop items yields an average of 86.5 per cent with 
three standard deviation limits ranging from 21.2 per cent 
to 345.8 per cent • 
.2..:_g STATISTICAL CONCLUSION 1 • 2: "When the actual 
· cost of an individual machine shop item is expressed as a 
percentage of the estimated cost of that item, the resulting 
distribution of many such items is normal logarithm1cally. 11 
The per cent actual to estimated cost for indivi-
dual items has been cumulated and put in percentage form in 
Tables 17 and 18, pages ?3 and ?4 • These cumulated "less 
than" percentages have been plotted on logarithmic probability 
paper, the vertical scale of which is so laid out that a nor-
mal distribution will appear as a straight line. Chart 3, 
page 113, shows that all distributions of various types of 
machine shop work and all machine shop work as a whole form 
approximately a straight line with the exception of the sheet 
metal classification. With the exception of sheet metal 
work, all other classifications may be considered normal 
logarithmically. 
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a. The charges on the purchase order must be exactly 
the same as those on the estimate. For example, the vendor 
may have been supplied with the material to make the part. 
In such a case, the material would be subtracted from the 
total estimate so that both estimate and .actual price would 
be for labor only and therefore directly comparable. 
b. The quantity of the estimate must be the same as 
that of the actual order. If, for example, the estimate was 
made originally for five items but the quantity to be ordered 
was later increased to ten, the saving the vendor would make 
on the set-up time would make the cost too low if we simply 
multiplied the estimate by two. Such cases must be excluded. 
c. The estimate must have been made by a regular staff 
estimator and not by some interested party who does not usu-
ally perform this function. 
A.3 TESTS FOR STABILITY OF THE SAMPLE 
It was desirable to apply some test to check the 
stability of the sample collected. One accepted method of 
verifying a sample is to subdivide it randomly into two parts 
and then see if the observed differences between the measures 
are merely a chance ·variation due to sampling or are so large 
that chance is practically eliminated and the accuracy of the 
sample measures is open to question. This procedure consists 
of calculating the standard error of the difference between 
two sample measures, such as their averages, and comparing it 
with the observed difference between the two measures. 
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In Tables 41 and 42, pages 1ooand 10~ the sample 
has been divided into those items that were purchased in 
September and October and those that were purchased in November 
and December. The items have been cumulated by class interval. 
Table 41 treats the September - October data and Table 42 tbe 
November - December data. The means and standard deviations 
for these two categories have been calculated by the class 
frequency method in Tables 43 and 44, page 102 . The test 
for the significance of :the difference between the two means 
has been carried out in Table 45. This table appears on 
pagesl03 to 104. This test gives the probability that a 
difference as large or larger than the observed difference 
between the two averages would occur merely by chance. In 
this case~ differences as large or larger than exist between 
the September - October and November - December averages would 
be expected forty-four times out of one hundred due to samp-
ling error. Therefore, the sample shows remarkable stability. 
APPENDIX B 
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chased for these units in months previous to the beginning 
of this investigation or that would be purchased in months 
after the close of this investigation, it is fair to assume 
that the inclusion of these omitted items would not materially 
affect the statistical findings of the survey. The quanti-
ties of the individual items purchased for each unit were 
noted, and the total of the actual costs of all the machine 
shop items in the unit were compared to the total or the esti-
mated costs. Tables 6 - 14, pages. 55 to ?0 , present this 
information in tabular form. The per cent of the actual cost 
to the estimated cost or the machine shop items by units were 
also computed and appears in Table 36, page 94 . 
The data was then arranged by per cent actual cost 
to estimated cost class intervals for facility in making the 
necessary calculations. The limits were chosen so that in-
stead of being arithmetically equal, i.e., varying by a fixed 
amount, it could not be less than the estimate by as much as 
one hundred per cent. For example, if the actual cost of 
an item was ten dollars and the estimated cost one hundred 
dollars, the percentage of the actual cost to the estimated 
cost would be ten per cent. On the other hand, if the actual 
cost was one hundred dollars and the estimate only ten dollars, 
the percentage of the actual cost to the estimated cost would 
be one thousand per cent. In one instance there has been 
an arithmetic variance of ninety; in the other, there has 
been an arithmetic variance of nine hundred ninety. However, 
in both cases the same amount of money has been lost or 
gained. That logarithmic analysis takes account of this 
35 
is indicated by the fact that on a logarithmic grid both ten 
per cent and one thousand per cent are equidistant from one 
hundred per cent. Table 15, page 71, shows the data by class 
intervals for sheet metal work, castings, patterns, general 
fabrication, and for the total sample. Table 16, page 72, 
shows the sheet metal work classification broken down by 
class intervals more suited to the distribution of this par-
ticular category of the data. 
B.4 TESTS FOR NORMALITY 
In order to make any statistical deductions from the 
data, it was first necessary to determine the type of distri-
bution under consideration. Tests were made to determine 
whether or not the data approximated a normal distribution 
close enough to attribute the characteristics of the normal 
curve to it. Chart 1 ·shows the frequency distributions by 
material classifications and was taken from Tables 15 and 16, 
pages 71 and 72. All of these distributions appeared nor-
mal with the exception of the sheet metal classification. 
As a further test of normality, the material classification 
frequencies were cumulated on a "less than" basis in Tables 17 
and 18, pages 73 and 74. The resulting distribution was 
plotted on the logarithmic probability grid of Chart 3. All 
the machine shop categories took the form of a straight line 
with the exception of the sheet metal classification, so that 
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TABLE 3: ESTIMATED AND ACTUAL MACHINE SHOP COSTS 
BY 
CLASS OF WORK, ESTIMATOR, AND VENDOR 
Month of November, 1950 
ACTUAL %ACTUAL 
MATERIAL UNIT EST.UNIT TO EST. 
DESCRIPTION PRICE PRICE PRICE 
SHEET METAL 
Sub Assembly 41.00 41.00 100.0 
Shield 6.00 18.00 33.3 
Sub Assembly 74.00 84.00 88.1 
Bracket 20.00 22.50 88.8 
Cover 167.50 171.00 98.0 
Chassis 100.00 180.00 55.6 
Tube Shield 48.00 75.25 63.0 
Chassis 155.00 181.00 85.6 
Cover Assembly 84.00 85.00 98.8 
Holder Assembly 33.00 33.00 100.0 
Weld Assembly 37.00 35.00 105.7 
Tube Shield 105.00 120.00 87.5 
Scroll 96.00 88.00 109.1 
Weld Assembly 71.00 65.00 109.2 
Reflector to Print 125.00 125.00 100.0 
PATTERNS 
Wood Pattern to Print 3.00 10.00 30.0 
Pattern for Elbow 
Castings 9.00 10.00 90.0 
Pattern for Housing 
Castings 22.00 10.00 220.0 
Pattern for Housing 
Casting 27.00 12.00 225.0 
Pattern to Print 7.00 14.00 50.0 
Pattern for Bracket 
Casting 20.00 20.00 100.0 
Pattern for Mount 
Casting 20.00 15.00 133.3 
Pattern for Bracket 
Casting 25.00 30.00 83.3 
CASTINGS - MOULDED ARTICLES 
Bracket Casting 1.25 1.64 76.2 
Casting to Print 3.50 3.70 94.6 
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UNIT 2 (Continued) 
Total Total Esti-
Item Material Description Quantity Actual Cost mated Cost 
-
22 Chassis 2 200.00 360.00 
23 Scroll 2 192.00 176.00 
21\1 Panel 4 8.00 24.80 
25 Panel 2 2.00 5.80 
26 Backing Panel 4 3.60 8.40 
27 Backing Panel 8 8.00 7.60 
28 Backing Panel 2 1.50 6.20 
29 Panel to Print 16 51.20 30.40 
30 Panel to Print 2 2.70 6.30 
31 Backing Panel 2 1.10 2.80 
32 Panels to Print 6 51.60 70.50 
33 Backing Panel 8 6.00 8.40 
34 Fuse Panel 4 14.00 17.00 
35 Identification Plate 4 3.00 6.40 
36 Panel to Print 4 15.80 25.60 
37 Backing Panel 8 2.80 5.20 
38 Identification Plate 2 2.50 6.00 
39 Backing Panel 12 6.00 6.60 
40 Identification Plate 2 3.00 7.90 
41 Spacers 5 13.75 16.75 
42 Panel 2 4.00 7.20 
43 Identification Plate 2 5.90 9.10 
44 II II 8 6.40 9.20 
45 Backing Panel 5 2.75 3.20 
I 



TABLE 9: ESTIMATED AND ACTUAL MACHINE SHOP COSTS 
BY 
CONTRACTUAL UNIT 
62 
MONTHS OF SEPTEMBER, OCTOBER, NOVEMBER, DECEMBER, JANUARY 1950-1951 
UNIT 4 
Total Total Total Esti-
Item Material Descri2tion Quantit~ Actual Cost mated Cost 
1 Washers 100 $15.60 $21.75 
2 Spacer 1 8.10 6.50 
3 Dial Glasses 1 9.90 5.00 
4 Contact 250 43.00 42.50 
5 Front Cover 1 24.00 21.00 
6 Power Supply Base casting 1 11.00 16.25 
1 Switch Box and cover ·2 142.00 232.00 
8 Pine Paddle 1 7.00 10.00 
9 Panel 1 7-50 7.00 
10 Slip Clutch Assembly 2 40.00 20.00 
11 Cabinet 1 285.00 500.00 
12 Drive 4 142.40 103.60 
13 Terminal Plate 3 33-75 27.60 
14 Plates 2 15.00 13.00 
15 Gaskets 4 10.50 8.00 
16 Positioning Block 5 3-95 6.25 
17 Plate 5 21.50 35.25 
Totals $820.20 $1075-70 
Source: Purchasing Department Records 


65 
TABLE 11: ESTIMATED AND ACTUAL MACHINE SHOP COSTS 
BY 
CONTRACTUAL UNIT 
MONTHS OF SEPTEMBER, OCTOBER, NOVEMBER, DECEMBER, JANUARY 1950-1951 
.UNIT 6 
Total Total Total Esti-
Item Material Description Quantity Actual Cost mated Cost 
1 Windows 2 
2 Capacitor Panel 1 
3 Resistor Panel 1 
4 Paddle-Bracket Sub Assembly 4 
5 Adjusting Sleeve Nut 1 
6 Miter Gear 4 
7 Panel 1 
8 Lock Nut & Collet 34 
9 Plate 2 
10 Rear Cable Bracket 1 
11 Chassis 1 
12 Holder Assembly 1 
13 Wood Patterns Per Print 2 
14 Paddles 2 
15 Pine Panel 1 
16 ·Wooden Case 1 
17 Sub Assembly 1 
18 Chassis Sub Assembly 2 
Totals 
$22.60 
6.00 
6.00 
76.00 
12.00 
54.40 
4.00 
107.00 
12.00 
23.40 
155.00 
33.00 
14.00 
14.00 
5.00 
8.00 
50.00 
17.70 
$620.10 
$10.00 
6.75 
7-75 
156.00 
27.00 
51.20 . 
8~6o 
64.00 
13.00 
23.50 
181.00 
33.00 
28.00 
28.00 
9.00 
7.75 
49.00 
35.00 
$738.55 
Source: Purchasing Department Records 


TABLE 13: ESTIMATED AND ACTUAL MACHINE SHOP COSTS 
BY 
CONTRACTUAL UNIT 
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MONTHS OF SEPTEMBER, OCTOBER, NOVEMBER, DECEMBER, JANUARY 1950-1951 
UNIT 8 
Item Material Description 
1 Terminal Panels 
2 Marking Strips 
3 Pattern for Front Covers 
4 Cover 
5 Terminal Guard Strip 
6 Resistor Panel 
7 Panel 
8 Lens 
9 Damper Shaft 
10 Case and Panel 
11 Casting 
12 Single Wood Pattern 
13 Name Plate 
14 SHM Switch Cover 
15 Castings 
16 Plate 
17 Handle Casting 
18 Panel 
19 Casting.s from Pattern 
20 Marking Strip 
21 Handle Pattern 
22 Handles 
Totals 
Total Total Total Esti-Quantity Actual Cost mated Cost 
1 
1 
. 1 
1 
1 
1 
1 
40 
2 
1 
10 
2 
5 
5 
4 
2 
3 
6 
12 
4 
1 
2 
$3.25 
3.20 
77.00 
72.00 
15.60 
42.00 
12.00 
144.80 
69.00 
290.00 
25.00 
28.00 
16.50 
70.00 
100.00 
3.00 
3-75 
75.90 
42.00 
22.80 
5.00 
15.00 
$1136.70 
$6.50 
7-75 
80.00 
90.00 
21.50 
27.50 
16.25 
97.00 
40.00 
310.00 
28.00 
30.00 
20.00 
28.75 
110.00 
6.40 
10.20 
38.10 
44.00 
26.00 
15.00 
23.00 
$1075.45 
Sources: Purchasing Department Records 
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TABLE 16: NUMBER OF INDIVIDUAL ESTIMATES FOR SHEET METAL WORK 
BY 
PER CENT ACTUAL TO ESTIMATE CLASS 
SEPTEMBER - DECEMBER 1950 INCLUSIVE 
PER CENT 
ACTUAL COST 
TO ESTIMATE NUMBER OF ITEMS 
SEPTEMBER Or! TOBER N'oW'MBER DEaEMBER TOTAL 
33.0 - 36.3 1 1 
36.3 - 39-9 
39-9 - 43.9 
43.9 - 48.3 
48.3 - 53.1 
53.1 - 58.5 2 1 3 
58.5 - 64.3 1 1 2 
64.3 - 70.7 1 2 3 
70.7 - 77.8 2 1 3 
77.8- ·85.6 1 1 
85.6 - 94.1 2 1 4 1 8 
94.1 - 103.6 2 3 5 5 15 
103.6 - 113.9 1 2 3 1 7 
113.9 - 125.3 1 1 2 ~ 
125.3 - 137.8 1 1 2 
Totals 9 14 15 11 49 
Source: Tables 1-5 

TABLE 18: CUMULATIVE DISTRIBUTION 
OF 
SHEET METAL ITEMS 
BY 
P~R CENT ACTUAL TO ESTIMATE CLASS 
PER CENT ACTUAL COST 
TO 
ESTIMATE COST CLASS NUMBER OF ESTIMATES PER CENT TO TOTAL 
Less than 33.0 - 36.3 1 2.0 
36.3 - 39-9 1 2.0 
39.9 - 43.9 1 2.0 
43.9 - 48.9 1 2.0 
48.3 - 53.1 1 2.0 
53.1 - 58.5 4 8.2 
58.5 - 64.3 6 12.2 
64.3 - 70.7 9 18.4 
70.7 - 77.8 12 24.5 
77.8 - 85.6 13 26.5 
85.6 - 94.1 21 42.8 
94.1 -103.6 36 73.4 
103.6 -113.9 43 87.7 
113.9 -125.3 47 95·9 
125.3 -137.8 49 100.0 
Source: Table 16 
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TABLE 20: PER CENT ACTUAL COST 
TO 
ESTIMATED COST 
OF 
INDIVIDUAL FABRICATED ITEMS 
September 1950 - December 1950 
Sept. Oct. Nov. Dec. 
155 64 87 230 
41 102 82 91 
54 173 71 320 
73 125 199 66 
77 106 33 66 
77 94 171 70 
79 32 138 80 
89 85 120 88 
131 47 25 90 
167 89 33 96 
74 91 38 103 
94 95 39 122 
125 105 41 162 
72 107 43 163 
81 82 43 192 
156 149 45 203 
93 167 47 56 
93 44 64 50 
113 36 74 
94 38 93 131 

TABLE 21: TABLE OF LOGARITHMS 
PERCENT ACTUAL TO ESTIMATED FABRICATION COSTS 
Months of September, 1950 to December, 1950 
SEP'l'. OCT. NOV. DEC. 
LO LO LO LO LO LO LO 
2.19 4.80 1.81 3.28 1.83 3-35 2.36 
1.61 2.59 2.01 4.04 1.91 3-65 1.96 
1-~3 2-99 2.24 ~-02 1.85 3-42 2.51 1. 6 3-46 2.10 .41 2.30 5-29 1.82 
1.89 3-57 2.03 4.12 1.52 2.31 1.82 
1.89 3-57 1-97 3.88 2.23 4.97 1.85 
1.90 3-61 1.51 2.28 2.14 4.58 1.90 
1-95 ~-80 1-93 3-72 2.08 4.33 1.94 2.12 .49 1.67 2.79 1.40 1.96 1-95 
2.22 4-93 1-95 3.80 1-51 2.28 1.98 
1.87 3-50 1.96 3.84 1.58 2.50 2.01 
1-97 3.88 1.98 3-92 1-59 2-53 2.09 
2.10 4.41 2.02 4.08 1.61 2-59 2.21 
1.86 3.46 2.03 4.12 1.63 2.66 2.21 
1.91 3-65 1.91 3-65 1.63 2.66 2.28 
2.19 4.80 2.17 4.71 1.65 2.72 2.31 
1.97 3.88 2.22 4.93 1.67 2-79 1-75 
1-97 3.88 1.64 2.69 1.81 3.28 1.70 
2.05 4.20 1.56 2.43 - 1.87 
1-97 3.88 1.58 2.50 1-97 3.88 2.12 
1.70 2.89 1.70 2.89 2.02 4.08 1-73 
1-7~ 3.06 1.92 3-69 2.02 4.08 1.62 1.8 3-39 1.84 3-~9 1.51 2.28 1.74 1-59 2-53 1.85 3. 2 1.67 2-79 1-77 2.00 4.00 1.94 3-76 2.11 4.45 1.83 
1.92 3-69 1.92 3-69 1.92 3-69 1.90 
2.30 5-29 2.30 5-29 1.86 3.46 2.29 
2-35 5-52 1-97 3.88 1.70 2.89 1.90 
2.32 ~-38 2.00 4.00 1.89 2.00 .oo 1.43 2.04 1-79 
1.70 2.89 2.02 4.08 2.02 
1-59 2-53 2.23 4.97 1-59 
2.29 5.24 2.11 4.45 1.~2 1.69 2.86 1.54 2-37 1. 6 
1.86 3.46 
1.08 1.17 
78 
LO 
5-57 
3.84 
6.30 
3-31 
3-31 
3.42 
3-61 
3-76 
3.80 
3-92 
4.04 
4-3~ 4.8 
4.88 
5-20 
5-34 
3.06 
2.89 
3-50 
4.49 
2.99 
2.62 
3-03 
3-13 
3·35 
3-61 
5.24 
3.61 
3·51 
3.20 
4.08 
2.53 
2.96 
3.46 
54.67 107-72 65.32 127.12 62.99 116.01 66.29 130.87 
Source: Table 20 




TABLE 25: ACTUAL TO ESTIMATED COSTS OF FABRICATED ITEMS 
OF FOUR VENDORS 
ESTIMATOR - "B" 
Period - September, 1950 - December, 1950 
PERCENT ACTUAL COST TO ESTIMATED COST 
Oliver Press Rogers Eng. Michelson Co. Green Fab. 
50 25 32 50 
74 33 42 55 
93 38 47 56 
93 39 47 59 
113 41 89 68 
125 43 92 80 
131 43 95 193 
45 105 
47 107 
64 
153 
Source: Tables 1-4 
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Oliver Press 
LOG LOG 
1.70 2.89 
1.87 3.50 
1.97 3.88 
1.97 3.88 
2.05 4.2o' 
2.10 4.41 
2.12 4.49 
Totall3. 78 27.25 
TABLE 26: TABLE OF LOGARITHMS 
OF 
PER CENT ACTUAL TO ESTIMATED COST 
FOR FOUR VEW)ORS 
Rogers Eng. Michelson Co. 
LOG LOG LOG LOG 
1.40 1.96 1.51 2.28 
1.52 2.31 1.62 2.62 
1.58 2.50 1.67 2.79 
1.59 2.53 1.67 2.79 
1.61 2.59 1.95 3.80 
1.63 2.66 1.96 3.84 
1.63 2.66 1.98 3.92 
1.65 2.72 2.02 4.08 
1.67 2.79 2.03 4.12 
1.81 3.28 
2.18 4.75 
18.27 30.75 16.41 30.24 
Green Fab. 
LOG LOG 
1.70 2.89 
1.74 3.03 
1.75 3.06 
1.77 3.13 
1.83 3.35 
1.90 3.61 
2 .... 29 5.24 
12.98 24~31 
Source: Table 25 
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TABLE 28: ACTUAL TO ESTIMATED COSTS FOR FABRICATED ITEMS 
OF FOUR ESTIMATORS 
VENDOR - ROGERS ENGRAVING CO. 
Period - September 1950 - December 1950 
ESTIMATOR A ESTIMATOR B ESTIMATOR C ESTIMATOR D 
PER CENT PER CENT PER CENT PER CENT 
ACT. TO EST. ACT. TO EST. ACT. TO EST. ACT. TO EST. 
36 33 64 27 
38 38 67 39 
50 41 71 39 
62 47 83 105 
73 64 91 168 
TABLE 29: TABLE OF LOGARITHMS 
OF 
PER CENT ACTUAL TO ESTIMATED COST 
OF FOUR ESTIMATORS 
ESTIMATOR A ESTIMATOR B ESTIMATOR C ESTIMATOR D 
LOG LOG LOG LOG LOG LOG LOG LOG 
1.56 g.434 1.52 2.310 1.80 3.240 1.43 2.045 
1.58 2.496 1.58 2.496 1.83 3.349 1.59 2.528 
1.70 2.890 1.61 2.595 1.85 3.423 1.59 2.528 
1.79 3.204 1.67 2.789 1.92 3.686 2.02 4.080 
1.86 3.460 1.81 3.276 1.96 3.842 2.23 4.973 
8.~9 14.484 8.19 13.463 9.36 17.540 8.86 16.154 
Source: Table 1-4 
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TABLE 32: COMPUTATION OF MEAN AND STANDARD DEVIATION 
OF 
ALL MACHINE SHOP ITEMS 
Months of September 1950 - December 1950 
PER CENT 
ACTUAL COST CLASS LIMITS NO.OF DEVIATION 
TO AS LOGAR! THMS ITEMS FROM MEAN 
ESTIMATE f d fd f(d) 
20.0 - 25.0 1.3010 - 1.3979 1 -6 -6 36 
25.0 
- 31-3 1.3979 - 1.4955 2 -5 -10 50 
31.3 - 39·1 1.4955 - 1-5922 10 -4 -40 160 
39.1 - 48.8 1.5922 - 1.6884 16 -3 -48 144 
48.6 - 61.0 1.6884 - 1.7853 16 -2 -32 64 
61.0 
- 76-3 1.7853 - 1.8825 34 -1 -34 34 
76.3 - 95·3 1.8825 - 1.9791 55 0 0 0 
95·3 -119.2 1.9791 - 2.0755 27 1 27 27 
119.2 -148.9 2.0755 - 2.1729 15 2 30 60 
148.9 -186.2 2.1729 - 2.2702 14 3 42 126 
186.2 
-232-7 2.2702 - 2.3670 14 4 56 224 
232.7 -290.9 2.3670 - 2.4637 2 5 10 50 
290.9 -363.6 2.4637 - 2.5606 2 6 12 72 
Total 208 7 1047 
- - l£.fd') X- X<1 -\" :t:r ~ . \) £ftq~l. - ~) ~ 6-== 1 N H 
lo1 X= 1.03.-!1 \o'\ 6 ;: .21 ?5 
x=- 85.9,% \ o"~'i; s) ~ 2 .1516 
x-r~-= 141.8% 
Source: Table 15 
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TABLE 34: EXPECTED FREQUENCIES FOR LOGARITHMIC NORMAL CURVE 
(Continued) 
PER CENT LOGARITHM OF LOG OF ~MIT-X LOG ~I-Oi: CUMULATIVE ACTUAL TO UPPER CLASS EXPECTED FRE-
EST. COST LIMIT G"-oG- QUENCIES AS 
PERCENTAGES 
270 - 280 2.4472 -5100 2.52 49.41 
280 - 290 2.4624 -5252 2.59 49.52 
290 - 300 2.4771 
-5399 2.66 49.61 
300 - 310 2.4914 ··5542 2.73 49.68 
310 - 320 2.5051 .5679 2.80 49-74 
320 - 330 2. 5185 -5813 2.87 49.80 
330 - 340 2. 5315 -5943 2.93 49.84 
340 - 350 2.5441 .6069 2.99 49.86 
350 or more 50.00 
Source: Table 31 
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TABLE 37: DETERMINATION OF EXPECTED OCCURRENCE OF UNITS 
IN EXCESS OF SPECIFIED 
PER CENT ACTUAL COST TO ESTIMATED COST 
Per Cent Actual Logarithm Log.of Limit Log.of Limit Expected Occur-
Cost to Est.Cost of Limit Minus Divided By renee of Units 
Log.of Aver. Log.of Stand. as a Percentage 
Dev • 
More Than 95.0 1-9777 .0257 • 49 32.0% 
, , 100.0 2.0000 .0480 .92 19.3 
II 
" 105.0 2.0212 .0692 1-33 11.2 
II II 110.0 2.0414 .0894 1-72 6.5 
" 
II 115.0 2.0607 .1087 2.09 3·7 
" " 120.0 2.0792 .1272 2.45 2.2 
II II 125.0 2.0969 .1449 2.79 1.3 
II 
" 130.0 2.1139 .1619 3-11 ·1 
" 
II 135-0 2.1303 .1783 3-43 ·5 
" " 140.0 2.1461 .1941 3-73 .4 
II 
" 145.0 2.1614 .2094 4.03 ·3 
" 
II 150.0 2.1761 .2241 4.31 .2 
Source: Table 36 
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TABLE 38: ESTIMATES OF JOHNSON ELECTRIC CO. 
September 1950 - October 1950 (Continued) 
COLUMN 1 COLUMN 2 COLUMN 3 
PER CENT 
ACTUAL TO EST.COST LOGARITHM OF COLUMN 1 COLUMN 2 SQUARED 
115.4 2.0622 4.2527 
118.3 2.0730 4.2973 
133.3 2.1248 4.5148 
133.3 2.1248 4.5148 
Totals 55-9813 112.1484 
Source: Tables 1-5 
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TABLE 41: INDIVIDUAL COST ESTIMATES FOR SEPT. & OCT. 1950 
BY 
PER CENT ACTUAL COST OF ITEM TO ESTIMATED COST OF ITEM CLASS 
Per Cent Class Limits Number or Deviation 
Actual to as Items £ from Assumed 
Est.Class Logarithms Mean d fd £(d) 
31-3 - 39.1 1.4955 - 1-5922 3 -4 -12 48 
39·1 - 48'.8 1-5922 - 1.6884 6 -3 -18 54 
48.8 - 61.0 1.6884 - 1.7853 12 -2 -24 48 
61.0 - 76-3 1.7853 - 1.8825 20 -1 -20 20 
76-3 - 95-3 1.8825 - 1-9791 34 0 0 0 
95·3 - 119.2 1-9791 - 2.0955 20 1 20 20 
119.2 - 148.9 2.0755 - 2.1729 7 2 14 28 
148.9 - 186.2 2.1729 - 2.2702 7 3 21 63 
186.2 
- 232-7 2.2702 - 2.3670 5 4 20 80 
232-7 - 290-9 2.3670 - 2.4637 2 5 10 50 
Total 116 - - - 11 411 
Sources: Tables 1 and 2 
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TABLE 42: INDIVIDUAL COST ESTIMATES FOR NOVEMBER & DECEMBER 1950 
BY 
PER CENT ACTUAL COST OF ITEM TO ESTIMATED COST OF ITEM CLASS 
Per Cent Class Limits Number of Deviation 
Actual to as Items f from Assumed 
Est.Class Logarithms Mean d fd f(d)2 
20.0 - 25.0 1.3010 
- 1-3979 1 - ·6 - 6 36 
25.0 
- 31-3 1-3979 - 1.4955 2 - 5 -10 50 
31.3 - 39-1 1.4955 - 1.5922 8 - 4 -32 128 
39-1 - 48.8 1.5922 - 1.6884 10 - 3 -30 90 
48.8 - 61.0 1.6884 - 1.7853 9 - 2 -18 36 
61.0 
- 76.3 1.7853 - 1.8825 20 - 1 -20 20 
76-3 - 95·3 1.8825 - 1.9791 31 0 0 0 
95·3 -119.2 1.9791 - 2.0755 31 1 31 31 
119.2 -148.9 2.0755 - 2.1729 11 2 22 44 
148.9 -186.2 2.1729 - 2.2702 7 3 21 63 
186.2 
-232·7 2.2702 - 2.3670 9 4 36 144 
232.7 -290.9 2.3670 - 2.4637 2 5 10 50 
290.9 -363.6 2.4637 - 2.5606 
Totals 141 4 692 
Source: Tables 3 and 4 
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TABLE 46: PER CENT ACTUAL COST TO ESTIMATED COST OF 
INDIVIDUAL ITEMS - MONTH OF JANUARY 1951 
Logarithm of Logarithm of 
Column 1 Column 1 Column 1 Squared 
Per Cent Actual to 
Estimated Cost 
Item 
1 28.0 1.4472 2.0944 
2 36.2 1.5587 2.4295 
3 38.0 1.5798 2.4958 
4 41.7 1.6201 2.6247 
5 50.6 1.7042 2.9043 
6 54.1 1.7324 3.0012 
7 55.5 1.7443 3.0426 
8 60.0 1.7782 3.1620 
9 60.9 1.7846 3.1848 
10 61.0 1.7853 3.1873 
11 63.2 1.8007 3.2425 
12 63.2 1.8007 3.2425 
13 64.8 1.8116 3.2819 
14 65.2 1.8142 3.2913 
15 66.7 1.8241 3.3273 
16 68.0 1.8325 3-3581 
17 69.6 1.8426 3.3952 
18 73-3 1.8651 3.4786 
19 80.0 1.9013 3.6218 
20 82.1 1.9138 3.6626 
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TABLE 46: PER CENT ACTUAL COST TO ESTIMATED COST OF 
INDIVIDUAL ITEMS - MONTH OF JANUARY 1951 
(Continued) 
Column 1 Logarithm of Column 1 Logarithm of Column 1 
Squared 
Per Cent Actual to 
Estimated Cost 
Item 
21 85.9 . 1.9340 3.7404 
22 88.1 1.9450 3.7830 
23 88.8 1.9484 3.7963 
24 90.5 1.9566 3.8283 
25 90.9 1.9586 3.8362 
26 92.5 1.9661 3.8655 
27 93.3 1.9699 3.8805 
28 93.6 1.9713 3.8860 
29 95-3 1.9791 3.9168 
30 96.0 1.9823 3.9295 
31 96.4 1.9841 3-9367 
32 100.0 2.0000 4.0000 
33 100.0 2.0000 4.0000 
34 105.2 2.0220 4.0885 
35 106.6 2.0278 4.1120 
36 110.0 2.0414 4.1673 
37 111.1 2.0457 4.1849 
38 111.8 2.0484 4.1959 
39 113.0 2.0531 4.2152 
40 114.3 2.0580 4.2354 
TABLE 46: PER CENT ACTUAL COST TO ESTIMATED COST OF 
INDIVIDUAL ITEMS - MONTH OF JANUARY 1951 
(Continued) 
106 
Colunm 1 Logarithm of Column 1 Logarithm of Column 1 
Squared 
Per Cent Actual to 
Estimated Cost 
Item 
41 114.3 
42 114.5 
43 121.8 
44 129.0 
45 137.2 
46 225.0 
47 287.5 
Totals 
2.0580 4.2354 
2.0588 4.2387 
2.0856 4.3497 
2.1106 4.4546 
2.1374 4.5685 
2.3522 5-5328 
2.4586 6.0447 
90.2962 175.0512 
Source: Table 5 
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TABLE 49: TESTS FOR THE SIGNIFICANCE OF THE DIFFERENCE BETWEEN 
THE MEANS OF THE PER CENT ACTUAL TO ESTIMATE COST DATA 
FOR MONTHS OF SEPTEMBER, OCTOBER, NOVEf1BER, DECEMBER, 
1950 AND THE MONTH OF JANUARY 1951 
Standard Error of Means 6 lo<f --~~-
-vN 
Standard Error of Means for Four Month Period - .0127 
Standard Error of Means for Month of January - .026? 
Standard Error of the Difference Between Means: 
Test of Significance 
\o1 l~G-r~- GF="x)-:: \J lo16s:• + 101{ sy::z.. 
- .0296 
'Q, X T-\., XF" = • 5 41 
<O~~- 6x F 
From a table of inegrals for areas under the normal 
curve, we find that if there was no significant difference be-
tween the two sets of data, we should expect differences as 
large as this twenty-nine times out of one hundred owing to 
chance factors. We therefore conclude that the data for 
January is not significantly different from that of the pre-
vious four months. 
Source: Tables 31 and 48 
• 
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TABLE 50: COMPARISON OF EXPECTED DISTRIBUTION OF ESTIMATES 
WITH 
THE 47 ESTIMATES OF JANUARY 1951 
COLUMN 1 COLUMN 2 COLUMN 3 
PER CENT ACTUAL THEORETICAL PERCENTAGE ACTUAL PERCENTAGE OF 
COST TO EST. OF ESTS. IN EXCESS OF ESTS. IN EXCESS OF 
PERCENTAGE INDICATED PERCENTAGE INDICATED 
IN COLUMN 1 IN COLUMN 1 
90 46.81 51 
100 37.83 30 
110 30.69 19 
120 24.20 14 
130 19.22 6 
140 15.15 4 
150 11.90 4 
160 9.34 4 
170 7-35 4 
180 5.82 4 
190 4.55 4 
200 3 . 67 4 
210 2.94 4 
220 2.27 4 
230 1.83 2 
240 1.43 2 
250 1.16 2 
260 .89 2 
270 
-73 2 
280 
-59 2 
290 .48 
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TABLE 50: COMPARISON OF EXPECTED DISTRIBUTION OF ESTIMATES 
WITH 
COLUMN 1 
PER CENT ACTUAL 
COST TO EST. 
300 
310 
320 
330 
340 
350 
THE 47 ESTIMATES OF JANUARY 1951 
COLUMN 2 
THEORETICAL PERCENTAGE 
OF ESTS. IN EXCESS OF 
PERCENTAGE INDICATED 
IN COLUMN 1 
.39 
.32 
.26 
.20 
.16 
.14 
(Continued) 
COLUMN 3 
ACTUAL PERCENTAGE OF 
ESTS. IN EXCESS OF 
PERCENTAGE INDICATED 
IN COLUMN 1 
Source: Tables 35 and 46 
Number 
of Items 
66 
60 
54 
48 
42 
36 
30 
24 
18 
12 
6 
1 
20 
CHART 1: FRE~UENCY DISTRIBUTION OF MACHI1~ SHOP ESTIMATES 
SEPTEMBER - DECEMBER 1950 
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